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RESEARCH MEMORANDUM 

SOME EFFECTS OF A I U R O N  DEFLEXTION ON THE STATIC LATERAL 

AND DIRECTIONAL AERODYNAMIC CHARACTERISTICS O F  FOUR 

CONTEMPORARY AIRPLANE MODELS 

By Willard G.  Smith and Peter  F. I n t r i e r i  

SUMMARY 

This report  presents some ef fec ts  of a i le ron  def lect ion on the s t a t i c  
l a t e r a l  and d i rec t iona l  aerodynamic character is t ics  of four  a i rplane models 
which a r e  representative of a i r c r a f t  capable of f l i g h t  a t  supersonic 
speeds. The r e s u l t s  a r e  presented fo r  subsonic Mach numbers ranging from 
0.60 t o  0.90 and f o r  supersonic Mach nunibers ranging from 1.20 t o  1.90. 

angle of s ides l ip  was held a t  zero. The Reynolds nunibers of the  t e s t s  
were from 1 t o  4 million based on t h e  mean aerodynamic chord of the  wing. 

* I n  these t e s t s  t he  angle of a t tack was varied from -4' t o  +12O while t h e  

c 

The r e su l t s  presented a re  l imited t o  the  most per t inent  aerodynamic 

The four  models tes ted ,  with t h e  ex- 
e f f ec t s  of a i lerons contributing t o  the l a t e r a l  and d i rec t iona l  char- 
a c t e r i s t i c s  of each airplane type. 
ception of one ai leron configuration, appear t o  meet current mi l i t a ry  
ro l l i ng  performance requirements through the  speed range of t h i s  i nves t i -  
gation. Each of t he  models exhibits generally favorable yawing moments 
with deflected ai lerons.  Aileron interference i s  shown t o  have a d i r ec t  
influence upon fuselage and t a i l  loads and, consequently, upon the  
l a t e r a l  and d i rec t iona l  character is t ics .  Further, t he  s t rength of t h i s  
interference i s  greater  f o r  inboard ailerons than f o r  outboard a i le rons .  

INTRODUCTION 

Since airplanes capable of f l i g h t  a t  supersonic speeds a r e  generally 
characterized by short-span wings, the ai lerons a r e  placed i n  close prox- 
imity t o  the fuselage and t a i l .  Deflection of these a i le rons  may produce 
la rge  changes i n  loading not only on the wing but a l so  on the  fuselage 
and ta i l .  These ai leron induced interference loads can s ign i f i can t ly  
influence the  l a t e r a l  and d i rec t iona l  charac te r i s t ics  of present day 
supersonic a i r c r a f t .  

n 
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It i s  the  purpose of t h i s  report  t o  present data showing the  e f f ec t s  
of a i leron def lect ion on the  s t a t i c  l a t e r a l  and d i rec t iona l  aerodynamic 
character is t ics  of four contemporary airplane models which have been 
under investigation recent ly  i n  the  Ames 6- by 6-foot supersonic wind 
tunnel. 
t e s t s  of predetermined model configurations specif ied by the  mi l i t a ry  
services wherein the  s t a b i l i t y  w a s  of primary importance. Hence, these 
data  do not represent a systematic invest igat ion of a i le ron  e f f ec t s  but  
t he  resu l t s  do summarize some of t he  current information per t inent  t o  
t h i s  study. The s t a t i c  l a t e r a l  and d i rec t iona l  s t a b i l i t y  charac te r i s t ics  
of these models with controls undeflected a r e  presented i n  reference 1. 

These data were obtained from unrelated developmental wind-tunnel 

NOTATION 

All resu l t s  a r e  presented i n  standard coeff ic ient  form with the  
forces and moments referred t o  the  body axes. 
t o  denote forces, moments, and angles i s  shown i n  f igure 1. 
f o r  moment center loca t ion . )  
report  a re  as  follows: 

The sign convention used 

The notation and def ini t ions used i n  t h i s  
(See t ab le  I 

CZ 
ro l l i ng  moment 

qSb 
rolling-moment coeff ic ient ,  

pitching moment Cm pitching-moment coeff ic ient ,  
qs 5 

Cn 
yawing moment yawing-moment coeff ic ient  , 

qSb 

s ide  force CY side-force coeff ic ient ,  
ss 

ACZ increment of rolling-moment coeff ic ient ,  
(CZ f o r  deflected ai lerons minus cz f o r  undeflected 
ai lerons ) 

ACm increment of pitching-moment coeff ic ient ,  
(Cm f o r  deflected ai lerons minus C, f o r  undeflected 
ai lerons ) 

*Cn increment of yawing-moment coeff ic ient ,  
(cn f o r  deflected ai lerons minus Cn f o r  undeflected 
a i  1 e ron s ) 

ACY increment of side-force coeff ic ient ,  
(cy f o r  deflected ai lerons minus cy f o r  undeflected 
ai lerons ) 
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0, 

M 

S 

free-stream Mach number 

3 

t o t a l  wing area including t h e  area formed by extending the  
leading and t r a i l i n g  edges t o  the  v e r t i c a l  plane of 
symmetry, sq f t  

t r u e  airspeed, f t / s ec  

wing span, f t  (unless otherwise noted) 

mean aerodynamic chord of the wing, f t  (unless otherwise noted) 

ro l l ing  angular velocity,  radians/sec 

wing-tip he l ix  angle, radians 

free-stream dynamic pressure, lb/sq f t  

angle of a t tack  measured between the  projection of the  r e l a t i v e  
wind i n  the  plane of symmetry of t he  model and t h e  wing chord 
plane, deg 

a i le ron  def lect ion (perpendicular t o  hinge l i n e ) ,  deg (pos i t ive  
downward) 

Subscript6 

2 l e f t  

r r igh t  

t t o t a l  

APPARATUS 

Wind Tunnel and Equipment 

The experimental r e su l t s  presented were obtained i n  t h e  Ames 6- 
by 6-foot supersonic wind tunnel. 
re turn,  variable-pressure type i n  which the  stagnation pressures can be 
varied from 2 t o  17 pounds per square inch absolute. 
t e s t s ,  Mach numbers from 0.60 t o  0.90 and from 1.20 t o  1.90 could be 

This wind tunnel i s  of t h e  closed- 

A t  the  time of these 
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obtained. Recent modifications have extended t h e  Mach number range. A 
complete description of t h e  wind tunnel p r io r  t o  these modifications i s  
given i n  reference 2. 

The models i n  each case were sting-mounted with t h e  plane of movement 
of t h e  system horizontal  t o  u t i l i z e  t h e  most uniform stream conditions 
(see ref .2). The aerodynamic forces and moments were measured with an 
e l ec t r i ca l  strain-gage balance enclosed within the  model. 
unbalance i n  t h e  strain-gage c i r cu i t s  w a s  regis tered by recording type 
galvanometers which w e r e  cal ibrated by applying known loads t o  the  balance. 

The e l e c t r i c  

The models used i n  these t e s t s  were of polished metal construction. 
Each model w a s  f i t t e d  with simple, unsealed ai lerons which could be s e t  
a t  several f ixed def lect ion angles. The primary geometric charac te r i s t ics  
of t h e  four models are presented i n  t ab le  I. For simplicity,  these models 
w i l l  be referred t o  as models A, B, C, and D (see f i g .  2) f o r  t h e  remainder 
of t h i s  report. 

TESTS AND PROCEDURE 

The ranges of Mach number, Reynolds number, angle of a t tack,  and 
a i le ron  deflection were d i f fe ren t  f o r  each of the  four models investigated 
since, as previously s ta ted,  t he  data presented herein were obtained from 
unrelated tests.  
0.60 t o  0.90 and 1.20 t o  1.90. 
obtained f o r  models A and B only and t h e  minimum supersonic Mach number 
w a s  higher f o r  t he  la rger  models (B and D )  i n  order t h a t  t h e  shock waves 
ref lected from the  tunnel w a l l s  would not i n t e r sec t  any par t  of t he  model. 
The angle-of-attack range w a s  generally from -4' t o  +12O i n  2O increments. 
The effects of var ia t ion  of s ides l ip  angle were not investigated; r e su l t s  
a r e  presented f o r  zero s ides l ip .  The Reynolds numbers f o r  these t e s t s ,  
based on the mean aerodynamic chord of t he  wings, were a l l  within a range 
of from 1 t o  4 million. 
deflection angles taken a t  increments of about 10'. 
angle w a s  25O.  

All Mach numbers investigated were within the  range of 
Data f o r  subsonic Mach numbers were 

Data were obtained f o r  only three o r  four a i le ron  
The l a rges t  deflection 

I n  order t h a t  t he  r e su l t s  f o r  t he  four models be consistent and some- 
what comparable, a l l  the  r e su l t s  except t h e  bas ic  data a re  presented f o r  
a i le ron  deflections which produce a posi t ive ro l l ing  moment. Since only 
one aileron w a s  deflected, t h e  resu l t s  f o r  t he  other a i le ron  were obtained 
by reversing the  signs of t he  rolling-moment, side-force, and yawing- 
moment coefficients.  
up ai leron on the  l e f t  wing i s  assumed equal and of opposite sign t o  
t h a t  of a loo up a i le ron  on the  r igh t  wing. 
on t h e  model's symmetry about t h e  XZ plane. 

For example, t he  yawing moment produced by a 10' 

This manipulation i s  based 
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The stream curvature present i n  the v e r t i c a l  plane of t he  wind tunnel 
( r e f .  2 )  was acting i n  the  yaw plane of t he  model since, as noted previ-  
cusiy, t he  models were pitched i n  the  horizontal  plane. The e f f ec t s  of 
these stream i r r e g u l a r i t i e s  manifest themselves i n  these r e su l t s  a s  la rge  
side-force and yawing-moment coefficients and, t o  a l e s s e r  extent,  ro l l ing-  
moment coeff ic ients  a t  zero a i le ron  deflection. Corrections f o r  these 
stream e f fec t s  were not made t o  the resul ts  because t h i s  invest igat ion 
was concerned primarily with incremental data f o r  a i le ron  def lect ions 
and because the  v a l i d i t y  of t he  corrections might be doubtful f o r  these 
la rge  stream ef fec ts .  It i s  believed tha t  although the  absolute l eve l  
of yawing-moment, side-force, and rolling-moment coeff ic ients  i s  i n  error ,  
due t o  stream ef fec ts ,  the  incremental coeff ic ients  f o r  t he  various 
a i le ron  deflections a r e  essent ia l ly  correct. A l l  the  r e su l t s  do include 
corrections f o r  t he  e f fec ts  of the  tunnel walls a t  subsonic speeds 
( r e f .  3 ) .  

RFSULTS 

The r e su l t s  of these t e s t s  a r e  grouped according t o  models. In  order 
t o  f a c i l i t a t e  ident i f ica t ion  of  the  model t o  which the data i n  a par t icu lar  
graph per ta in ,  a sketch of the  model i s  shown a t  t he  top of each graph. 
The form of presentation f o r  each model i s  as  follows: 

1. Dimensional sketch of the model. 

2. Detail  drawing of the  aileron. 

3. Variation of rolling-moment, side-force, and yawing-moment 
coeff ic ients  with angle of a t tack.  

4. Variation of t he  incremental control effectiveness parameters, 
AC,, ACy, and AC,, a t  CL = 0' with Mach number. 

For models A and B the  var ia t ions of  pitching-moment coeff ic ient  w i t h  
angle of a t tack and ACm with Mach number a r e  presented. 

DISCUSSION 

It i s  t h e  in ten t  t o  discuss herein only the broad aspects of the  
e f f ec t s  of a i le ron  def lect ion on the s t a t i c  l a t e r a l  and d i rec t iona l  char- 
a c t e r i s t i c s  of each par t icu lar  model, and t o  point out the pertinent 
aerodynamic fac tors  contributing t o  the  r e su l t s .  

Since these four models represent a i rplane prototypes, the  ro l l i ng  
capabi l i t i es  of the  ai lerons a r e  of i n t e r e s t .  The a i le ron  effectiveness 
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- 
parameter (pb/2V) w a s  computed f o r  each model with the  use of experimental 
rolling-moment coeff ic ients  and theo re t i ca l  values of damping i n  roll 
( r e f s .  4 and 56. 
of attack of 0 and a t o t a l  a i leron def lect ion of 20°, i s  presented i n  
f igure  3. Aeroelastic effects  were not considered i n  obtaining these 
r e su l t s  and the  damping contribution of t he  t a i l s  were neglected. The 
roll response f o r  a s ingle  degree of freedom of the  four a i rplanes w a s  
computed using the  data of f igure 3 and mass charac te r i s t ics  which were ' 

believed t o  be representative i n  each case. The a i le ron  response char- 

deflection necessary t o  roll each airplane 100' i n  one second, assuming 
a, s t e p  aileron deflection. 

The var ia t ion  of pb/2V w i t h  Mach number, a t  ~ t z l  angle - 

a c t e r i s t i c s  a re  presented i n  f igure  4 i n  terms of t he  t o t a l  a i le ron  \ 

,. 
An evaluation of the  ro l l i ng  performance of these airplanes can be 

made by comparing the  predicted ro l l i ng  charac te r i s t ics  presented i n  
f igures  3 and 4 with the  minimum ro l l i ng  performance requirements l i s t e d  
i n  the  current mi l i ta ry  f lying qua l i t i e s  specif icat ions ( r e f .  6 ) .  Stated 
b r i e f ly ,  the requirements a re :  
and a t  high speed the airplane must roll 100' i n  one second. The ro l l i ng  
performance predictions presented i n  f igures  3 and 4 ind ica te  t h a t  a l l  
t he  models, except modelB with inboard ai lerons,  a r e  capable of meeting 
the  roll requirements of reference 6 with t o t a l  a i le ron  deflections ,of 40' 

.j 

pb/2V = 0.09 below minimum combat speed 

, -  or less. i- I lL> . ,  - I ,  

/ r  ' r 
I 

7 
' -  

Model A 

Model A i s  of par t icu lar  i n t e r e s t ,  i n  t h i s  group of four models, 
because of the  high wing and low horizontal  t a i l  locat ion on the  fuselage. 
A three-view drawing of the model i s  shown i n  f igure 5 ( a ) .  
shows a detailed drawing of t he  r igh t  a i leron.  Further d e t a i l s  concerning 
the geometric charac te r i s t ics  a r e  presented i n  t ab le  I. 

Figure 5(b)  

Experimental rolling-moment, side-force, and yawing-moment coef- 
f i c i e n t s  are presented i n  f igures  6 and 7 f o r  several  a i le ron  def lect ion 
angles through the  angle-of-attack range f o r  t he  complete model and wing- 
fuselage configuration. These data a r e  summarized as functions of Mach 
nuniber i n  figure 8. 

1 

The increments of rolling-moment coeff ic ient  ( f i g .  8) f o r  t he  com- 
p l e t e  model and wing-fuselage combination show t h a t  the  a i le ron  induced 
loads on t h e  t a i l  reduce the roll capabi l i ty  of t he  ai lerons by about 
one th i rd .  - 

The effects  of a i leron def lect ion on the  d i rec t iona l  charac te r i s t ics  
of model A are presented i n  f igure  8. 
favorable yawing moment, t h a t  i s ,  posi t ive yawing moment with a pos i t ive  
ro l l i ng  moment. 

The complete model experiences 
.J 

This favorable yawing moment i s  due la rge ly  t o  the  
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a i le ron  induced loads on t h e  t a i l  which exceed the  e f fec ts  of a i l e ron  
drag. The yawing-moment coefficient f o r  a t o t a l  d i f f e r e n t i a l  a i le ron  
deflection of 20° i s  approximately equivalent t o  t h a t  resul t ing from a 
s ides l ip  angle of 70 a t  subsonic speeds and 3 O  a t  supersonic speeds 
(ref.  1). 
force r e su l t s  from e i t h e r  a posi t ive l e f t  a i le ron  deflection or a negative 
r igh t  a i le ron  deflection, due t o  a i r  loads act ing on t h e  fuselage below 
the  plane of t h e  ai lerons.  
yawing moments. However, i n  the  case of t he  negatively deflected r igh t  
aileron, t he  e f fec t  of a i leron drag i s  grea te r  than the  interference 
e f fec t  and a posi t ive yawing moment resul ts .  

. 

For t h e  wing-fuselage configuration, a small posi t ive side 

These side forces would tend t o  give negative 

A continual decrease with increasing angle of a t tack  i n  the  increment 
of side-force and yawing-moment coefficients due t o  deflected ai lerons 
i s  evident i n  t h e  r e su l t s  f o r  t h e  complete model presented i n  f igure  6. 
Comparison of t he  r e su l t s  f o r  t he  complete model ( f i g .  6 )  with those f o r  
the  wing-fuselage configuration ( f i g .  7) indicates  t h a t  t h e  s ide  force 
induced on t h e  v e r t i c a l  t a i l  by the  deflected a i le ron  i s  i n  the  opposite 

Further examination of t h e  
r e su l t s  shows t h a t  it i s  the  aileron-fuselage interference loads which 

~ vary with angle of a t tack while the  induced loads on the  t a i l  remain 
nearly constant. 
t o  be due t o  t h e  high wing location since t h e  other  three models do not 
show t h i s  same relat ionship between fuselage and t a i l  load. 

, direct ion t o  t h a t  induced on t h e  fuselage. 

The nature of t h i s  aileron-fuselage interference appears 

The pitching moment due t o  an aileron def lect ion w i l l  be considered 
, an interference e f f ec t  since ailerons on airplanes of t h i s  type are gener- 

a l l y  not used f o r  longitudinal control. 
coeff ic ient  with angle of a t tack  f o r  several  a i le ron  deflections f o r  t h e  
complete model and f o r  t he  t a i l - o f f  configuration i s  shown i n  f igure  9. 
A d i f f e r e n t i a l  a i le ron  deflection of -10' and +loo produces a resu l tan t  
pitching moment of prac t ica l ly  zero through the  speed range of t h i s  

The var ia t ion  of pitching-moment 

' 

. invest igat ion ( f i g .  8 ) .  

Model B 
/ 

Model B, unlike the  preceding model, has a horizontal  t a i l  mounted 
high above t h e  wing chord plane. 
bas ica l ly  unswept. 
f igure  lO(a). 
ai leron.  
ure 10(b) .  
model B are presented i n  tab le  I. 

The low aspect r a t i o  midwing i s  
A three-view drawing of t h i s  model i s  presented i n  

The model w a s  equipped with both an outboard and an inboard 
-:  A deta i led  drawing of these ai lerons i s  presented i n  f i g -  

Further de t a i l s  concerning t h e  geometric character is t ics  of 
-, 

The data are arranged i n  two groups. The first group presents t h e  
data f o r  t he  outboard ai leron fo r  the complete model and wing-fuselage 

\ 
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combination ( f igs .  11 and 12) .  
a i le ron  ( f igs .  1 3  and 14)  f o r  t he  complete model and model without t h e  
horizontal t a i l .  

a i lerons especially a t  supersonic speeds. 
moment obtained with t h i s  a i le ron  ( f i g .  l > ( b ) )  are la rge ly  a t t r i bu tab le  
t o  t h e  s h o r t  distance from the  a i le ron  t o  the  moment center location. 

The second consists of data f o r  an inboard 

Relatively poor roll effectiveness i s  obtained with the  inboard 
The small increments of ro l l i ng  

Deflection of e i the r  inboard o r  outboard ai lerons ( f i g .  15) produces 
favorable yaw. A much greater  s ide force and yawing moment resu l t s ,  how- 
ever, f rom a deflection of the inboard a i le ron  due t o  i t s  closer  posit ion 
t o  the  ver t ica l  t a i l .  This e f fec t  of spanwise locat ion of a i lerons i s  
fur ther  emphasized here by the  f ac t  t h a t  t he  def lect ion angle of t h e  
inboard aileron w a s  smaller than t h a t  of t he  outboard ai leron.  The 
outboard-aileron interference loads on the  v e r t i c a l  t a i l ,  obtained by 
comparing r e su l t s  f o r  t h e  model with and without t he  t a i l  ( f ig .  l 5 (a ) ) ,  
decrease with increasing supersonic speed. Above a Mach number of 1.7 
no outboard-aileron interference e f fec ts  on t h e  t a i l  were observed, since 
the  t a i l  was outside the  Mach l i n e s  from t h e  inboard end of the  ai leron.  
Data a r e  not available f o r  the  inboard a i le ron  t a i l -o f f  configuration t o  
fur ther  t h i s  analysis.  
outboard aileron a negative deflection gives a greater  s ide  force and 
yawing moment than a posi t ive deflection, but f o r  t he  inboard a i le ron  
the  reverse i s  t rue .  

Further inspection of the  data shows t h a t  f o r  t he  

The variation, with angle of a t tack,  of s ide  force due t o  def lect ion 
of t h e  outboard ai leron f o r  model B ( f ig s .  11 and 12)  i s  somewhat d i f fe ren t  
from the  variation shown f o r  model A. 
induced loads on the  fuselage and v e r t i c a l  t a i l  are addi t ive f o r  model B 
and although the  fbselage loads increase s l i g h t l y  with angle of a t tack,  
t he  aileron induced s ide force on the  complete model remains essent ia l ly  
constant. 

I n  contrast  t o  model A, t h e  a i le ron  

The longitudinal t r i m  change f o r  t he  complete model resul t ing from 
the  deflection of the  outboard ai lerons ( f ig .  l5 (  a )  ) shows p rac t i ca l ly  
no change w i t h  Mach number. The t r i m  change resu l t ing  from deflect ion 
of t he  inboard ailerons ( f i g .  l ? ( b ) )  does vary with Mach number, and 
becomes negative at a Mach number of about 1.7. 
both cases decreases the  increment of pitching moment due t o  deflected 
ai lerons ( f ig .  16) .  

The horizontal  t a i l  i n  

Model C - 
Model C ,  i n  contrast  t o  models A and B, has no horizontal  t a i l .  The 

wing plan form of t h i s  model i s  bas ica l ly  t r iangular ,  bu t  modified by 
rounded t i p s  and indented t r a i l i n g  edges. 
whole exposed t r a i l i n g  edge of t h e  wing. A three-view drawing of t he  

The ai lerons extend along the  
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model i s  presented i n  f igure 17(a).  
a i leron i s  presented i n  f igure  l7 (b ) .  
geometric character is t ics  of model C are presented i n  table I. 

A detai led drawing of t he  l e f t  
Further de t a i l s  concerning t h e  

The var ia t ions of rolling-moment, side-force, and yawing-moment 
coefficients with angle of a t tack a r e  presented i n  f igure  18 f o r  several  
a i leron deflections.  These data are summarized i n  f igure  19 as functions 
of Mach number. 

Plus and minus ai leron deflections produce proportionally t h e  same 
ro l l ing  moments. This proportionality holds up t o  an a i le ron  def lect ion 
of -200. 

Model C experiences favorable yawing moment with a i le ron  def lect ion 
i n  the  Mach number range of t h i s  investigation ( f i g .  19) .  These r e su l t s  
indicate  t h a t  f o r  equal a i leron deflections of opposite sign, t h e  ne t  
yawing moment w i l l  be essent ia l ly  zero. However, a i lerons on t h i s  air-  
plane a r e  a l so  used f o r  longitudinal control, and a t  normal t r i m  con- 
di t ions,  the  control surface deflections w i l l  be negative. For ro l l i ng  
maneuvers a t  these t r i m  conditions, the resu l t ing  unequal negative 
deflections w i l l  produce favorable yawing moments (figs.  18 and 19) .  

Two in te res t ing  e f fec ts  of aileron def lect ion on t h e  lateral  and 
direct ional  character is t ics  were observed f o r  t h i s  model. Both are 
d i r ec t ly  associated with t h e  re la t ive ly  close proximity of the  a i le ron  
and v e r t i c a l  ta i l ,  typ ica l  of most t a i l l e s s  airplanes.  F i r s t , there  w a s  
a marked decrease i n  t h e  incremental t a i l  load, due t o  the  def lected 
ai leron,  with increasing angle of attack. This i s  apparent, a t  least 
f o r  negative deflections,  i n  f igure 18 from the  var ia t ion of side-force 
and yawing-moment coeff ic ients  with angle of a t tack  f o r  several  a i l e ron  
deflections.  
and yawing moment f o r  aileron deflections of -20' and -25' are much la rger  
proportionally than would be expected from, f o r  example, t h e  increments 
f o r  a deflection of -10'. 
changes i n  the  t a i l  load caused by relocation of t h e  shock wave from the  
ai leron.  
deflected a i le ron  w i l l  bend back because of t h e  accelerated flow over 
the  upper surface of t h e  wing, thus reducing the  area of t he  v e r t i c a l  
t a i l  which i s  influenced by the  pressure f i e l d  of t he  ai leron.  A s  t he  
def lect ion angle of t h e  ai leron increases, t h e  shock wave detaches and 
moves forward. This exposes a greater portion of t h e  t a i l  t o  t h e  pressure 
f ie ld  of t he  a i le ron  with a consequent increase i n  a i le ron  induced load. 
A t  a Mach number of 1.9, both of these e f fec ts  are less apparent since 
the  shock waves are swept back so that  a r e l a t ive ly  small portion of t h e  
v e r t i c a l  t a i l  i s  influenced by pressure disturbances from t h e  ai lerons.  

Secondly, f igure 18 shows t h a t  t h e  increments of s ide  force 

Both of the foregoing ef fec ts  are due t o  

A s  t h e  angle of a t tack increases, t h e  shock wave from a 



10 NACA RM A57E22 

Model D 

This model i s  comparable t o  the  preceding model i n  t h a t  it i s  a l so  
bas ica l ly  a t r iangular  wing airplane with no horizontal  t a i l .  
ve r t i ca l  s tab i l iz ing  surface extends from the  external  s tore ,  but it i s  
believed t o  be su f f i c i en t ly  forward of the  ai lerons so as t o  have no 
e f f ec t  on the  r e su l t s  presented herein.  A three-view drawing of t he  
model i s  presented i n  f igure  20(a) and a de ta i led  drawing of the  r igh t  
a i le ron  i s  presented i n  f igure  20(b).  Further d e t a i l s  concerning the  
geometric charac te r i s t ics  of model D a r e  presented i n  t a b l e  I. 

A small 

Although data f o r  t h i s  model a r e  avai lable  f o r  only two supersonic 
Mach numbers, these data show very nearly t h e  same trends f o r  comparable 
a i le ron  deflections a s  did t h e  r e su l t s  f o r  the preceding model both i n  
the  var ia t ions with angle of a t tack ( f i g .  21) and t h e  incremental data 
( f ig .  22). 

Model D experiences favorable yawing moment with deflected ai lerons 
f o r  t he  Mach nuniber range of t h i s  t e s t .  This model, l i k e  model C, has 
negative control deflections a t  normal t r i m  conditions. 
a i le ron  deflections,  f o r  ro l l ing  a t  these t r i m  conditions, produce 
favorable yawing moment ( f i g .  22).  

Unequal negative 

The increments of s ide  force and yawing moment f o r  a negative 5' 
a i le ron  deflection a r e  considerably la rger  than f o r  a posi t ive 5' 
deflection. This probably r e su l t s  from the  detachment and forward move- 
ment of the compression wave from the  negatively deflected ai leron.  The 
influence of t h i s  a i le ron  i s  then f e l t  over a l a rge r  pa r t  of the v e r t i c a l  
t a i l  than tha t  of the  pos i t ive ly  deflected a i le ron  with i t s  attached 
expansion wave. 

Since i n  t h i s  test  both t h e  r igh t  and l e f t  a i lerons were deflected,  
the  r e su l t s  o f f e r  an opportunity t o  v e r i f y  superposition of t he  e f fec ts  
of t he  ailerons a t  supersonic speeds. 
l e f t  a i leron def lect ion and a + 5 O  r i gh t  a i le ron  def lect ion ( f i g .  21) i s  
nearly equal t o  the  e f f ec t s  f o r  a t o t a l  a i le ron  def lect ion of +5O.  

The sum of the  e f f ec t s  of a -5' 

CONCLUDING REMARKS 

The resul ts  of t h i s  invest igat ion show the  per t inent  e f f ec t s  of 
a i le ron  deflections on the  s t a t i c  l a t e r a l  and d i rec t iona l  aerodynamic 
charac te r i s t ics  of four contemporary airplane models. 
except model B with inboard ailerons,has su f f i c i en t  a i le ron  effectiveness 
t o  meet current mi l i ta ry  ro l l i ng  performance requirements. 
t e s t ed  exhibited, i n  varying degree, favorable yawing moment with a i le ron  

Each of t he  models, 

All models 
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deflection. Aileron interference effects are shown to have a direct 
influence upon fuselage and tail loads and consequently upon the lateral 
and directional characteristics of the airplane. The magnitudes of these 
effects were found to be greater for the ailerons extending farthest 
inboard. 
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Wing 
Plan form . . . . . . . . 
Aspect r a t io  . . . . . . 
Moment center, c . . . . 
Areal, ft2 . . . . . . . 
Mean aerodynamic chord, f t  

Areal, ft2 . . . . . . . 

- 

Vertical t a i l  

TKBU I. - PRIMARY PHYSICAL CHARACTERISTICS OF THE WIND-TUNNEL MODELS 

Model A Model B Model C 

Sweptback .Unswept t r iangular  Modi f i ed 

3.4 2.5 2.02 
0.25 0.25 

.662 1.406 2.728 

.495 .799 1.288 

.I758 .421 .468 

0.287 

Aileron 
Plan form . . . . . . 
R a t i o  of a i leron area 

Sweep of hinge l ine ,  
deg . . . . . . . . 

Centroid i n  $ semispan 

t o  112 wing area . 

Model D 

Inboard Outboard Constant 
Tapered tapered tapered chord Tapered 

0.109 0.058 0.049 0.088 0.12 

26.5 0 0 16.9 0 
41.4 35* 7 79.3 60.2 42.1 

Modified 
t r iangular  

2.1 
0.25 
5.338 
2.128 

.712 

Physical Characterist ics of the  Ailerons 

I Model A I Model B 1 Model C I  Model D 

q o t a l  area with leading and t r a i l i n g  edges extended t o  longitudinal axis. 
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Figure 1.- Airplane axes; posit ive forces, moments, and angles. 
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Model A 

NACA RM A 5 7 E 2 2  

/7 
Model C 

Figure 2.- General arrangement 

Model B 
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Model D 

of the four models tested. 
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(a) M = 0.60 

Figure 6.- Variation of C1, CY, and Cn with angle of attack for model A. 
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Figure 6. - Continued. 
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Figure 6. - Continued, 
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Figure 6.- Concluded. 
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(a) M = 0.60 

Figure 7.- Variation of C2, Cy, and Cn with angle of attack for model A 
with the t a i l  removed. 
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(b) M = 0.90 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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Figure 8.- Variation of aC2, ACy, E,, and 
model A; a = Oo. - 1.6 1.8 2.0 

ACm with Mach number f o r  
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-4 0 4 8 12 16 

(a) M = 0.80 

Figure 11.- Variation of C 2 ,  Cy, and Cn with angle of attack for model B 
with outboard ai leron.  
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure 12.- Variation of C 2 ,  Cy, and C, w i t h  angle of a t t ack  f o r  model B 
with outboard a i le ron  with t h e  t a i l  removed. 
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Figure 12. - Continued. 
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Figure 12.- Continued. 
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Figure 13.- Variation of C 2 ,  Cy, and C, with angle of attack for model B 
with in’Doard aileron. 
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.nboard aileron with the horizontal tail removed 
for model B 
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(b) M = 0.90 

Figure 14. - Continued. 



NACA RM A57E22 

- .01 

0 

CY 

-.01 

-.02 

.01 

Cn 

0 

0 10 

- 0 4 8 12 16 

a, deg 

( c )  M = 1.35 

Figure 14. - Continued. 



L NACA RM A 5 7 3 2 2  

c 

CY 

Cn 

n 

0 

- -01 

.02 

. 01 

0 

0 

- .01 

W 
0 

0 10 

-4 0 4 8 12 16 

a, de@; 

(a) M = 1.45 

Figure 14.- Continued. 

57 



58 

< 

C l  

a ,  aeg 

(e) M = 1.60 

Figure 14. - Continued. 

NACA RM ~ 5 7 ~ 2 2  

. 



NACA RM ~ 5 7 ~ 2 2  

0 

0 10 

-4 0 4 8 12 

a9 e 3  

(f) M = 1.90 

Figure 14. - Concluded. 

59 ~ 



60 NACA RM ~ 5 7 ~ 2 2  

n 

.01 

0 

0 

- .01 

.01 

0 

.04 

0 

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

M 
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Figure 15.- Variation of ACl, ACy, ACn, and 
model B; a = 0'. 

with Mach number for  
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Figure 15. - Concluded. 
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Figure 18.- Variation of C 2 ,  Cy, and C, with angle of at-ack f o r  m 1 1 c. . 
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Figure 19.- Variation of LEl7 ACy, and E, .with Mach number f o r  model C; 
a = 00. 



'. OL 

. 
NACA RM ~ 5 7 ~ 2 2  

, 

73 



74 

1 

NACA RM ~ 5 7 ~ 2 2  

1 



NACA RM ~ 5 7 ~ 2 2  

. 

CY 

Cn 

0 

- .01 

.02 

.01 

0 

0 

-.01 

- .02 
-4 0 4 8 

a, e 3  

(a) M = 1.60 - 
Figure 21.- Variation of C2, Cy, and C, w i t h  angle of a t tack fo r  model D. 
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Figure 21.- Concluded. 
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